A seven-year follow-up in 1973 of a prospective cardiovascular study of 1820 initially healthy, middleaged Chinese men of [40][41][42][43][44][45][46][47][48][49][50][51][52][53][54][55][56][57][58][59] 
APROSPECTIVE CARDIOVASCULAR STUDY of
Chinese men was initiated in 1965 by the National Defense Medical Center in Taipei in collaboration with the University of Washington in Seattle. The primary purpose was to ascertain whether ST depression after maximal exercise testing would be predictive of future clinical manifestations of cardiovascular disease in that population. Whereas the Chinese exhibit coronary heart disease less frequently and less severely than men in the United States,' they ex-perience hypertension as the major cause of cardiovascular morbidity and stroke as the primary cause of death.2 A preliminary pilot study has already established lower serum concentrations of cholesterol and lower prevalence of postexertional ST depression, as well as the feasibility of maximal exercise testing with a modified multistage treadmill protocol.' During [1965] [1966] 1820 Chinese men of 40-59 years of age and from the upper socio-economic levels in military and civilian occupations volunteered for examination and testing.3 ST depression of at least 1 mm for one minute or longer was found in 18 of 476 men who were observed for only three minutes after exercise, and in 94 of 1346 men who were observed for six minutes. In the latter group, hypertension at rest (WHO criteria of systolic pressure of 160 or more, or diastolic pressure of 95 or more) was found in 161 (12%). ST depression, however, was four times as frequent in hypertensive as in age-matched normotensive men. Multivariate analysis identified age, systolic pressure at maximal exercise, and abnorCirculation, Volume Sl, May 1975 malities in the resting ECG as major factors associated with the postexertional ST response to maximal exercise.
In the intervening years, incidence of subsequent events was appraised by questionnaire and surveillance techniques, and in 1973 all available men were re-examined. The seven-year follow-up of cardiovascular events and of maximal exercise testing of a 20% sample are reported here.
Material and Methods
Nearly continuous surveillance of hospital admissions for evidence and classification of causes of morbidity or mortality among the 1820* men enrolled in the study was conducted by a trained public health nurse reporting to cardiologists and epidemiologists. Periodically, questionnaires were submitted by mail to ascertain interim health status. In 1972-1973 letters and telephone calls to 1771 surviving men elicited 1745 responses, leaving only 26 (1.4% of 1820) lost to follow-up. Of these respondents, 1462 (83.2% of 1745) returned for re-examination in 1973 .
For preliminary analysis of events, all men were retrospectively classified into mutually exclusive categories in rank order, beginning with subsequent cardiovascular mortality, morbidity by interim surveillance, signs of car-*Initially 1822 were reported, but this included two who inadvertently returned in 1966 for re-examination and the additional data were deleted from the file. 2 diovascular disease on re-examination, noneardiovascular mortality or morbidity by surveillance, persistence of initial signs without interim changes, persistent good health or status unknown ( fig. 1 ). Also for more detailed analysis, all men have been prospectively classified into one of four mutually exclusive subgroups, i.e., those initially exhibiting neither ST depression after exercise nor hypertension at rest ("NEITHER"), those exhibiting ST depression of at least 1 mm for 1 minute or longer after maximal exercise (" ST"), those exhibiting hypertension at rest by WHO criteria ("HT"), and those exhibiting both hypertension at rest and ST depression after maximal exercise (" BOTH"').
The protocol for the second examination was nearly identical to that for the first examination, except that blood samples were tested by a different laboratory with minor and negligible differences in standards. In addition to conventional 12-lead electrocardiograms at rest, Frank x,y,z leads were recorded on magnetic tapes which were sent to Seattle for analysis of polareardiograms and vectorcardiograms (to be reported separately). Only the available men in ST, HT, and BOTH groups and in their previously age-matched control groups repeated the multistage treadmill test of maximal exercise. Another modification was the collection of expired air at 60-second intervals for determination of maximal oxygen uptakes (Vo,max) during exer- Chest X-ray Ahh,rviationsn T,AD-RAD = left and riLrht axis deviation: SD= standard deviation: I,H RVH = left and ri-ht ventricular hypertrophy; FBS = fasting blood sugar. no significant differences in relation to initial occupational classification of civilian or military personnel (Chi square = 6.03, 3 df, P = 0.11, not significant), data from these two population samples have been combined.
Analysis of Mortality
Mortality rates from all causes increased from 0.29 per 100 person-years for men initially under 50 years of age to 0.76 per 100 person-years for men of 50 or more years of age (table 1) . The case fatality rates over the intervening seven years were only nine of 1820 (0.5%) for cardiovascular causes, and 40 of 1820 (2.2%) from all other causes. Unlike most samples from populations of this age and sex, only 18.4% of the deaths could be ascribed to cardiovascular causes. This proportion was lower than that reported for all of Taiwan,6 Japan,7 Greece,8 and especially the United States.9 Again, unlike the usual experience for Taiwan, there were twice as many deaths from cardiovascular causes as from stroke ( fig. 1) Of nine deaths from cardiovascular causes or stroke, seven of which occurred in men from the NEITHER group, three were caused by stroke, two by myocardial infarction, one by sudden death, and one by another cardiac cause. The only death in the ST group was sudden cardiac, and the single death in the HT group was attributed to rupture of the aorta. Up to this time, there have been no deaths in the BOTH group (ST + HT). Of these four subgroups, the highest case fatality rate of one in 88 (1. 1% ) was in the ST group of men.
Analysis of Morbidity
The major cause of morbidity was not found to be cardiovascular. Morbidity from noncardiovascular causes occurred in 299 of 1820 men (16.4%). Only 34 men (1.9%) had hospital admissions for cardiovascular illnesses ( fig. 1 ). The case attack rate for these increased from 2.3% in the NEITHER group to 5.7% in the ST group, and 11.9% in the HT group, and to 25% in the BOTH group of men (table 1) . Whereas the in- .~o .0 .~. . tC.I. = 95&So confidence intervals.
P-values for one-sided tests of a difference in rates are less than 0.05 when comparing the "NEITHER" group with any of the other three groups, when comparing the two age groups for the cardiovascular and stroke rates, or when comparing the incidence of new asymptomatic hypertension between the "NEITHER" and "ST" groups.
cidence of cardiovascular morbidity or mortality increased with levels of resting blood pressure on initial examination, this relationship was not apparent for noncardiovascular morbidity or mortality ( fig. 2) .
The importance of re-examination of all available men is revealed by the greater incidence of angina pectoris by history (nine men), of diagnostic Q waves of prior myocardial infarction (not present on the first (table 4) . These variations in frequency of either hypertension at rest or ST depression after maximal exertion seven years after the initial observations illustrate in part the biostatistical phenomenon of regression toward the mean.'0 Other possible factors include effects of apprehension on examination and testing, and the fact that 59 of the men were currently being treated with antihypertensive agents when re-examined. (Since the initial design of the study did not permit random allocation of patients for therapy, nor provide a protocol for treatment, the possible role of such therapy is difficult to assess.) None of the 74 men in the ST and the 20 men in the BOTH groups who were re-examined had strokes, but incidence of this event ranged from 0.1% in the NEITHER group to 4.9% of the HT group (table 2).
Relationship of Initial Findings to Subsequent Events
Comparison of 32 men who subsequently manifested coronary heart disease (CHD)* morbidity or mortality with 1549 men originally in the NEITHER group who did not experience CHD or stroke (CVA) events revealed a significantly older age (P < 0.05), increased weight and abdominal girth (P < 0.01), elevated resting and maximal systolic *Including four with angina by surveillance, nine more by reexamination, 14 with Q waves of ''silent' mvocardial infarction (N1i) on follow-up examination in 1973, and three MI by surveillance (with deaths of two) and two sudden cardiac deaths. SBPRoSt, mmHg pressure (P < 0.05) and lower maximal heart rate (P < 0.001) on the initial examination. Ten (31%) of these men also exhibited postexertional ST depression.
Of 12 men who developed strokes, initial examination showed even greater differences in systolic and diastolic blood pressures (P < 0.001) ( fig. 3 ) and pressure-rate products (P < 0.01), but lacked significant differences with respect to age, weight, girth or ST responses.
Long-term Changes
Significant differences over seven years suggest three long-term changes (tables 2, 3, and 4): 1) the inexorable effect of aging with small reductions in vital capacity, arm circumference, heart rate at rest and at maximal exercise, and shorter duration of maximal exercise; 2) greater adiposity, increased body weight and abdominal girth, but no associated increase in serum cholesterol concentration; 3) an increase in blood pressure and in uric acid concentration in the NEITHER group and a fall in pressure, but not in uric acid, in the HT group of men. Cumulative distribution curves for the same 212 normotensive men and the same 80 hypertensive men who were observed at rest and during maximal exercise clearly illustrate some regression toward the mean with higher pressures in normotensive men, but with lower pressures in the hypertensive men on the second examination ( fig. 4 ). This is less evident for diastolic pressures, especially in hypertensive men, despite the fact that some were currently receiving antihypertensive therapy at the second examination. hypertension (HT -Rx) and to normotensive agematched controls (NT) are shown in figure 5 . The increments in systolic and in diastolic pressures at rest on the second examination were nearly the same in the normotensive controls over all ages observed. Likewise, the decrements in systolic and diastolic pressures were nearly the same over all ages, but only in the treated group of hypertensive men.
Intermediate trends, and in opposite directions for NORMOTENSIVE systolic and diastolic pressures with respect to age, were found in the untreated hypertensive men. Thus, systolic pressure tended to increase in younger and to fall in older untreated patients, whereas diastolic pressure tended to fall in younger untreated hypertensive men. exertional ST depression, and hypertension at rest in relation to subsequent morbidty and mortality from cardiovascular versus noncardiovascular causes is presented in table 5.
Age of 50 or more years is predictive at the 5% level (with one-sided test of difference) for cardiovascular or stroke events, but not for either new hypertension or noncardiovascular causes of morbidity or mortality.
Postexertional ST depression has similar predictability for either cardiovascular events or new hypertension. Hypertension at rest, however, is a stronger predictor in these middle-aged Chinese of cardiovascular events, especially when ST depression is also observed. The higher incidence of morbidity or mortality from noncardiovascular causes is not related to the presence or absence of either hypertension at rest or postexertional ST depression.
Discussion
This seven-year study of evolving cardiovascular disease in middle-aged Chinese men in Taiwan is unique with respect to purpose, sampling, methods of testing, and follow-up appraisals. The primary purpose was to test the predictive power of postexertional ST depression for future events, particularly clinical manifestations of coronary heart disease, in a population sample known to exhibit an unusually low incidence of such events, both clinically and pathologically at autopsy.
The Chinese, like other Oriental populations, commonly experience hypertension, and the primary cause of death is stroke as a complication of hypertension.6 Taiwan represents a previously underdeveloped country which has rapidly evolved into a progressively more "Westernized" culture, with its associated life stresses and economic self-sufficiency. Whereas cardiovascular disease was not among the first ten causes of death ten years ago, it ranked third in 1973.11 The men recruited for this study were selected from the upper socio-economic ranks of military and civilian personnel, for two reasons: 1) they might be expected with time to be more prone to coronary heart disease, Seattle 1 Variations in prevalence of postexertional ST depression should also be considered in pathophysiological terms. This response is merely a functional sign and not morphologic evidence of coronary vascular disease.16 It represents an abnormal metabolic demand-supply relationship at the myocardial cell membrane, and numerous functional causes, as cited elsewhere,16 contribute to this response. Thus, it is reasonable to observe a predictive relationship in population samples with a high incidence of coronary atherosclerotic heart disease which restricts oxygen supply to the myocardium, as in men in the United States, as well as to observe a relationship to minor repolarization abnormalities in the resting electrocardiogram and to greater than usual levels of systolic blood pressure as found in these Chinese men who are prone to develop hypertensive disease, and even to highly selected American men in the Orient,'4 or to healthy asymptomatic American men in Seattle who achieve postmaximal performance. '7 Finally, with continued surveillance for another three years, the additional yield of morbid and fatal events may well be enough to establish tentative predictive rates for cardiovascular disease, whether primarily due to hypertension or to coronary heart disease, which may then be applied prospectively to another population sample with similar characteristics to validate these findings.
